Recent years have seen a growing interest in the studies of anticancer characteristics of complexes of organotin.
1
firstly reported the restraint effect of Ph3-SnOOCCH3 for the growing of anticancer cells. Crown 2 et al. reported the anticancer characteristics of organotin complexes. Gielen [3] [4] [5] et al. synthesized a series of water-soluble organotin complexes and investigated their anticancer activities. The results indicate that the anticancer activities of these organotin complexes are 100 times higher than that of carboplatin and cisplatin used in clinical applications. Barbier 6 studied the interaction between water soluble organotin complexes and DNA using Mössbauer spectra, and found that no interaction occurred between CH3Sn and DNA under the physiological conditions, while low solubility organotin complexes, which are easily disassociated, interact with DNA through hydrophobe base. Mössbauer spectra, QSAR 7 and clinical experiments are often used to investigate the interaction mechanism of organotin complexes with DNA. Results show that R2Sn ++ plays important roles for the anticancer activities of organotin complexes. Crowe 8 et al. considered that the key of the interaction of organotin complexes with DNA is the disassociation of complexes, but they also found that some organotin complexes which have no R2Sn ++ group still have anticancer activities. So the interaction mechanism of the complexes of organotin with DNA has received much attention.
In this research the interaction mechanism of the complexes of organotin with DNA was investigated with fluorescence spectra.
The complex of organotin and Schiff-base, bis-(ethylene)tin(bis(salicylidene)ethylenediamine) [Et2Sn(salen)], was synthesized and the fluorescence spectra of the complex and interaction with DNA are described. The interactive pattern between Et2Sn(salen) and DNA was investigated by UV spectroscopy, KI quenching and competitive binding of ethidium bromide (EB) and Et2Sn(salen) with DNA. Studies on the interaction mechanism of anticancer drugs with DNA are interesting for the synthesis of new anticancer drugs or artificial nucleases. Et2Sn(salen) as a novel fluorescence probe has a potential analytical application for the determination of traces of DNA.
Experimental

Reagents and chemicals
Et2Sn(salen) was synthesized and purified as previously reported. 10, 11 Calf thymus DNA was purchased from Huamei Biotechnological Co. (Beijing) and used as received with the purity checked by the absorbance ratio, A260/A280, of DNA, which should not be less than 1.8 in a 0.2 mol L -1 phosphate buffer solution containing 60 mmol L -1 NaCl. The DNA concentration, expressed in base pairs, was estimated by spectrophotometry using a molar absorptivity value, ε260, of 1.31 × 10 4 mol L -1 cm -1 . Other chemicals were of analytical reagent grade. Doubly distilled water was used throughout.
Apparatus
All fluorescence measurements were carried out with an M850 fluorescence spectrophotometer (Hitachi, Japan). Excitation and emission wavelengths of 277 nm and 448 nm were used, respectively. The absorption spectra were recorded The fluorescence spectral characteristics and interaction of bis(ethylene)tin(bis(salicylidene)ethylenediamine) [Et2Sn(salen)] with DNA are described. The polarity of the solvent has a strong effect on the fluorescence characteristics of Et2Sn(salen). Et2Sn(salen) bound to DNA showed a marked decrease in the fluorescence intensity with a bathochromic shift of the excitation and emission peaks. A hypochromism in the UV absorption spectra was also observed. KI quenching and competitive binding to DNA between Et2Sn(salen) and ethidium bromide (EB) were studied in connection with other experimental observations to show that the interactive model between Et2Sn(salen) and DNA is an intercalative one. The pH and salt effect on the fluorescence properties was also investigated. The intrinsic binding constant was estimated to be 1. with a UV-1100 spectrophotometer (Rayleigh Analytical Instruments, Beijing).
Procedure
All experiments, except where specifically indicated, were carried out at pH 7.0 in a phosphate buffer containing NaCl (60 mmol L -1 ) and an appropriate amount of metal complexes of salen. Test solutions of complexes were incubated at 25˚C for 4 min after the addition of DNA. The pH values of buffers covering 3.0 -12.0 were measured using a PHS-3C Model ion meter (Shanghai).
Results and Discussion
Fluorescence spectral characteristics of Et2Sn(salen)
The fluorescence spectra characteristics of Et2Sn(salen) and salen in the absence and presence of calf thymus DNA are summarized in Table 1 . Comparing the emission and excitation maximum wavelengths of salen and Et2Sn(salen), one notices that a new excitation peak appears at 356 nm and the fluorescence intensity of Et2Sn(salen) is slightly lower than that of salen, while the maximum emission wavelengths shift from 407 nm to ca. 447 nm and one of the maximum excitation wavelengths shifts from 299 nm to 277 nm. Such results indicate tin atom binding with salen causing the change of the structure of salen, leading to the changes of the fluorescence spectra of salen.
The polarity of solvent has a strong effect on the fluorescence spectra characteristics of Et2Sn(salen) ( Table 2) .
The fluorescence intensity and the maximum excitation and emission wavelengths of Et2Sn(salen) change with the change of solvent polarity. The fluorescence intensity increases with the increase of the solvent polarity from tetrahydrofuran to water. The increase of solvent polarity may increase the binding capabilities between tin atom and salen group, leading to an increased structural rigidity and the increase of the fluorescence intensity. One can observe that the shift of the maximum emission wavelength is more significant than that of the maximum excitation wavelength with the change of the solvent polarity; the reasons need to be further investigated.
Upon the addition of DNA, the fluorescence spectra of Et2Sn(salen) and salen show a bathochromic shift of the excitation and emission peaks and a decrease in the peak intensity. As a measure of the interactive degree, Table 1 shows the fluorescence intensity ratio of Et2Sn(salen) and salen in the presence and absence of DNA. One notices that Et2Sn(salen) exhibits a stronger interaction with DNA comparing with salen, indicating that organotin combines with salen, increasing the anticancer activity of the Schiff-base complex. Figure 1 shows the fluorescence excitation and emission spectra of Et2Sn(salen) in both the absence of DNA and the presence of different concentrations of DNA. The bathochromic shift of the excitation peak at 277 nm is more significant than those at 356 nm and the emission peak at 448 nm.
UV absorption spectra
If the probe interacts with DNA according to the intercalation model, the chromophore would bury itself in the stack of DNA bases, leading to hypochromicity and the shift of the absorption peak caused by the interactions of the electronic states of the complex with the electronic states of the DNA bases. [12] [13] [14] [15] The UV absorption spectra of Et2Sn(salen) with and without the addition of calf thymus DNA are shown in Fig. 2 . A decrease by 20% in the intensity was observed with the addition of 100 µmol L -1 DNA. Aromatic π-π * states of Et2Sn(salen) seem to interact strongly with the electronic states of the DNA bases, causing a rather extensive hypochromicity accompanied by a blue shift in the absorption. . Figure 3 shows the effect of the pH on the fluorescence intensity of Et2Sn(salen) in both the absence and presence of DNA. One notices that the changing trends of the fluorescence intensity of Et2Sn(salen) are uniform in the absence and presence of DNA. The fluorescence intensity increases with increasing pH, reaching a maximum at pH 7.0. A further increase in the pH causes a decrease in the fluorescence intensity. The protonating of Et2Sn(salen) at a low pH region destroys its plane structure, leading to the decrease of fluorescence intensity. The complexing ability of tin atom in organotin is strong. At the alkaline solution, the concentration of hydroxyl ion of the solution increases and hydroxyl ion is easy to complex with tin atom of Et2Sn(salen) causing the change of its planar structure and the decrease of the structure regidity, leading to the decrease of the fluorescence intensity. Thus a pH 7.0 phosphate buffer was used in all experiments.
The effect of pH
KI quenching
A quenching experiment with KI is normally used to investigate the interaction pattern of the probe with DNA. 9 Iodide anion quenches the probe fluorescence and provides a sensitive tool to examine the nature of the interaction of the probe with the DNA. The binding of the probe to the helix should protect the fluorophore from quenching by the negatively charged iodide, due to the electrostatic field surrounding the helix.
High binding constants should correspond to better protection by the DNA and a stronger inhibition of quenching by anionic species. Quenching plots are constructed according to the following Stern-Volmer equation:
Here, I0 and I refer to the fluorescence intensities in the absence and presence of iodide, respectively, Ksv is the Stern-Volmer quenching constant and [I -] is the concentration of iodide in mol L -1 . Plots of I0/I vs. iodide concentration for Et2Sn(salen) with various DNA samples indicate that the data follow Eq. (1), thus the Ksv values were estimated from these linear plots. The collision fluorescence quenching effect of KI in both the absence and presence of DNA is presented in Fig. 4 . The magnitude of Ksv should be higher for the free probe than that bound with DNA. The Ksv values for calf thymus DNAEt2Sn(salen) and free Et2Sn(salen) are 88 and 140 L mol -1 , respectively. These experimental results are in agreement with the intercalation model of Et2Sn(salen) binding with DNA.
Competitive binding between EB and Et2Sn(salen) for DNA
EB is one of the most sensitive fluorescence probes with plane structure that can bind DNA. The interaction pattern of EB with DNA belongs to the intercalation model, as reported in the literature. 16, 17 The fluorescence of EB tends to increase after intercalating into DNA. If the probe intercalates into DNA, it leads to a decrease in the binding sites of DNA available for EB, and a decrease in the fluorescence intensity of the EB-DNA system. In general, a decrease by 50% in the intensity of the system is used as the interaction standard of the probe with DNA when the concentration ratio of the probe to DNA is less than 100. 18 In control experiments, pure DNA possessed no peaks when monitored at 300 -710 nm. Figure 5(a) shows the excitation spectra of EB, EB-DNA, and EB-DNA with the addition of Et2Sn(salen) when monitored at 610 nm. One can notice that the fluorescence intensity of EB-DNA really decreases with the addition of Et2Sn(salen). One of the excitation peaks levels off with the addition of Et2Sn(salen), while a new shoulder peak appears at a shorter wavelength direction, matching the excitation peak of Et2Sn(salen) in this position. Figure 5(b) presents the relationship between the fluorescence intensity of the EB-DNA system and the concentration of the added Et2Sn(salen). One notices that the fluorescence intensity of the system decreased to 23.27% when the concentration ratio of Et2Sn(salen) to DNA reaches 54. These experiments are in agreement with the proposed intercalative model of Et2Sn(salen) with DNA.
Denatured DNA experiments
Denatured DNA was produced by heating a native calf thymus DNA solution in a water bath at 100˚C for 4 min, followed by rapid cooling in an ice bath to 0˚C before being brought back to room temperature. Calf thymus DNA split into two string-like softer polynucleotide chains from the original 393 ANALYTICAL SCIENCES APRIL 2002, VOL. 18 rigid double-helix structure. Table 3 presents the characteristic of Et2Sn(salen) bound to native and denatured DNA. One can notice that Et2Sn(salen) interacted with both native and denatured DNA. The decrease in the fluorescence intensity of Et2Sn(salen) binding native DNA is more than that of denatured DNA. The highly organized double-helix structure of native DNA seems not to the necessary condition for an interaction with Et2Sn(salen), while the difference in the fluorescence quenching might be associated with the intercalation of Et2Sn(salen) into native DNA base pairs.
Intrinsic binding constant and binding site number
According to the reports, 19, 20 the concentration of the free probe can be calculated using the following equation,
Here, CF and CT are the concentration of the free probe and the total concentration of the added probe, respectively; F and F0 are the relative fluorescence intensity of Et2Sn(salen) in the presence and absence of DNA, respectively; P, the ratio of the fluorescence intensity of binding probe to the free binding, is the intercept of y-axis of the plot of F/F0 vs. 1/[DNA] (inset of Fig. 6 ). The modified Sctachard equation 21 can be used to calculate the intrinsic binding constant and the binding site number.
where CB is the concentration of binding probe and r is the ratio of the bound probe per base pair. n is the binding-site number per base pair, k is the intrinsic binding constant. The calculated intrinsic binding constant is 1.071 × 10 5 mol L -1 in base pairs, and the binding-site number is about 1.98 (Fig. 6) .
Effect of the incubation time
The relationship between the fluorescence intensity of Et2Sn(salen) in the presence of DNA and the interactive time was also investigated. The fluorescence intensity decreases with time, reaching a more or less stable value after 4 min, which was taken to be the incubating time in all experiments.
Analytical characteristics
The Et2Sn(salen) fluorescence probe reported here was used to determine traces of DNA. Experiments showed that the fluorescence intensity of Et2Sn(salen) exhibited a linear response on the concentration of calf thymus DNA over the range of 5.1 × 10 -6 -2.41 × 10 -4 mol L -1 with a detection limit of 1.1 × 10 -7 mol L -1 in base pairs. 1.5 × 10 -5 mol L -1 and 6.2 × 10 -6 mol L -1 DNA were selected to examine the reproducibility of the Et2Sn(salen) fluorescence probe. The relative standard deviations of five experiments were 0.13% and 0.18%, respectively, indicating that the probe can be used to conduct a reproducible determination. 
Conclusions
The polarities of the solvents have a strong effect on the fluorescence spectrum of the complex of organotin, Et2Sn(salen) exhibits stronger interaction with DNA, according to an intercalating model. Et2Sn(salen) as a novel fluorescence probe is a potential analytical tool for the determination of DNA. 
